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SELECTION OF SEED TREATMENT CHEMICALS AND APPLICATION EQUIPMENT
John J. MacFarlane, Jr.
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In keeping with the theme of this 27th Annual Short Course, Back
to Basics II, I would like to go into some of the bas ics involved with
the sel ection of, use of, results expected from, and legal and personal
hazard aspects of the chemicals used to treat seed; and I would like to
go into the basics of seed treater operating principles and calibration.
Specifically , I would like to cover the following topics:
11
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I.

Do you really know why you treat your seed?
What real objective(s) or goal(s) do you have?
What diseases or insect pests do you want to control?

II .

How much do you really know about the seed treatment chemical
that you are using or anticipate using?

III .

Do you really know and understand all of the legal ramifi cations of treating seeds?
Do you really know what chemicals are available and registered
for treating various types of seeds and do you realize what
restrictions have been imposed on some chemicals by certain
government agenc ies?

IV.

Do you really understand the basic working principl es of the
seed treater that you are using and do you understand the
basic working principles of the other major types of treating
machinery in use in U.S. today?

V.

Would you really know how to properly initially calibrate or
recalibrate your seed treater if you had to in the case of
changing chemicals or types or seeds?

Now , as we examine each one of these topics, I will only be abl e to
cover the high points, but I hope in some way I will stimulate you to
try to find out more about the specifics of each of these topics with
regard to your parti cular situation.
l/Director of Product Development and Technical Services, Gustafson,
Inc ., Dallas, Texas.
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Do You Really Know Why You Treat Your Seed
There are basically three classes or types of seed applied chemicals in common use in seed treating facilities in the U.S. -- fungicides , insecticides and seed applied micronutrients.
Fungicides
As shown in Figure 1, there are fungicides which control seedborne, soil-borne and air or wind-borne fungi. Of course, some of these
fungicides control both seed-borne and soil-borne organisms. The basic
principle however, is that you must, as a seed treater, realize what
organism(s) you are trying to control with your fungicide in order to
select the proper chemical with the proper spectrum of activity. Currently, there are not any fungicide seed treatments registered in the
United States for the control of or protection against air or wind-borne
fungi. However, there are currently a couple of chemicals under test
which very well could be registered in the near future for the control
of air-borne rust fungi.
Insecticides
There are three basic types of pests that can be controlled by
applying insecticides to seed. The first and most common reason for
treating seed with an insecticide is for the control of stored seed
(grain) pests. These are such insect pests as Angoumois grain moth,
Indian meal moth, confused flour beetle, granary weevil, cadelle , etc.,
and some of the insecticides available are Malathion, Methoxychlor,
Diatomaceous Earth, Pipronyl Butoxide, Pyrethrums and two interesting
experimental compounds, Reldan and Actellic. The second reason why
seedsmen would want to treat with an insecticide is for the control of
soil-borne insects; the insect complex which might damage the seed and/
or germinating seedling. These include such pests as wireworm, false
wireworm, seed corn maggot , seed corn beetle, etc. Insecticides available for controlling this complex of soil insects are Lindane,
Heptachlor, Diazinon, Lorsban and two interesting experimental insecticides , Ficam and Mesurol. The third reason why seedsmen might treat
seed with an insecticide is for the control of early season post-emergence insects and mites. The insecticides used in this category are
systemic chemicals which are taken up into the developing seedling as
germination occurs and translocated to the above ground parts of the
plant. There are four insecticides currently registered for treating
cottonseed for the control of such pests as cotton aphids, thrips,
whiteflies and spider mites. These materials are Di-syston, Orthene,
Thimet and Azodrin (trade name Go-Better). Also, a special formulation
of carbofuran, known as ESP, for treating sorghum seed for the control
of greenbugs during the seedling stage has recently been registered for
use in Texas only .

SEED TREATMENT FUNGICIDES - ACTIVITY
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Trace elements or micronutrients
Recently, there has been a lot of public i ty in the agricultural
literature concerning the benefits of treating rice seed with zinc and
soybean seed with molybdenum . If you have been considering the use of a
micronutrient, analyze your specific trade area and obtain information
from your state agricultral extension service with regard to the specific need for and benefits from seed appl ied micronutrients. As an
example, Table 1 is an excerpt from a survey done by Agrico Chemical
Company on the geographic areas of the United States where soybeans are
grown where there might be a benefit from applyi ng molybdenum to seed.
Also shown are those areas where there would probably be no benefit
because of soil pH. It is important when considering the use of seed
applied micronutrients, that you understand the mode of action of the
micronutrient and the specific need within your geographic trade area
for that micronutrient.
How Much Do You Really Know About the Chemical You Use?
I have listed below several thi ngs that you shoul d know and be
famil iar with concerning the chemica l seed treatments that you are
currently using in your facility or that you might be considering to use
in the future . Sources for this information include your state agricultural extension service, the manufacturer of the pesticide, or the
distributor and/or dealer from whom you buy the pesticide .
Things you should know about the chemical you use to treat your
seed include:
The chemical's toxicity or LD 50
LDso is defined as the amount of pesticide that is required to
effect a 50% ki ll of a test animal population in the laboratory, expressed as milligrams of pesticide per kilogram of body weight of the
test animal . Test animals for LDso testing are usual ly white laboratory
mice or laboratory rabbits . There normally is a dermal {or skin) LDso
and an oral (or ingestion) LDso given for most pesticides. In the case
of certain fumigants, there may also be an LCso given, which stands for
lethal concentration 50%. So you can see that the lower the LDso figure
of a chemical, the more toxic it is; conversely, the higher the LDso
figure, the less toxi c the material is because it would ta ke more of the
pesticide to affect the 50% kill in a test animal population. In Table
2, I have listed the Lo 50 •s for many of the common seed treatment insecticides and fungicides 1n use in the United States today. Some of these
LDso's are for technical or pure active ingredient rather than for the
formu l ated chemi cal (which may be anywhere from 10 to 75% active pesticide).
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lfABLE 1

IDrAL
%pH 6.3 and Below or
Below Opt:inun Am::nmt
Available ''M:>ly"

u.s.

stM1ARY

%pH 6.4- 7.0 or
Opt:im..m .Amt.
Available ''M:>ly''

%Above pH 7.0 or
More Than Optimml
Available ''M:>ly"

11%

41%

48%

Geographic locations Where
Soybean Growers Had pH
6. 3 or Below or Below Optinum
.Auounts Available ''Moly" in
Soil and Where Additional ''M:>ly"
Would be Beneficial - %of
Area or State

Alabama

-

Arkansas -

Northern 28%
Central 86%
Southern 88%

38':~

Michigan

Southwest 2%
Southeast 34%

88%

Mississippi

85%

Georgia

- Southeast 82%

Western

Nortmvest
Northeast
W. Central
E. Central
Southern

55%
53%
54%
66%
43%

Indiana

-

Northwest
Northeast
Central
Southern

55%
53%
38%
44%

Iowa

-

Southwest
Northern
Central
Eastern

57%
38%
49%
33%

Eastern

35%

-

Central 54%

Miimesota -

-

Kansas

-

Northeast 38%
Southeast 85%

Florida

Illinois -

Kentucky

Missouri - Northeast 31%
t-Jestern
30%
Southeast 38%
Nebraska

- Eastern

62%

~olestem

lSi~

N. Carolina-Southern
North Cen
Ohio
-Northwest
Northeast
W.Central
S .Central
Central
s. Carolina-Central
Eastern
Tenessee - Western
Virginia - Northern
Southern
Wisconsin

45%
75%
39%
54%
33%
35%
26%
84%
76%
85%
46%
50%
20%

.;:.

co

Table 2.

Toxicity of various seed treatment pesticides .

Chemical

Oral
LD5o
(rat)

benomyl (Benlate)
captafol (Difolatan)
cap tan
carboxin (Vitavax)
ch loroneb (Demosan)
Dithane M-45
fenaminosulf (Dexon)
maneb
PCNB (aqueous suspension)
PMA (Phenyl Mercury)
Terrazole
Thiabendazole Mertect (TBZ)
thiram
chlorpyrifos (Lorsban)
Diazinon (tech)
disul foton (Di -Syston)
heptachlor (Drinox)
malathion
methoxychlor
monocrotophos (Azodrin) Go-Better

10 ,000
6,200
9,000
3,820
11,000
8, 000
64
6,750
12 , 000
100
2, 000
3,100
780
163
300-400
2.6- 12.5
40 - 188
1,375
6,000
8 - 23

Dermal
LD50
( rab 1 t)

8,000
100

20
119-320
4,100
354
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The chemical's antidote or practical statement of treatment (PST)
These things can normally be found on the label of the pesticide
itself. Several of the insecticides used in treating seed in the U.S.
have a specific antidote that should be made available to the physician
if a poisoning occurs. An antidote is roughly defined as a therapeutic
drug which ~ when administered to a patient suffering from poisoning
symptoms, tends to reverse the effects of the poisoning by tieing up the
pesticide in the individual's body . For certain less toxic chemicals,
such as most fungicides, you will find that they have what is known as a
practical statement of treatment (PST). Exampl es are such things as
"induce vomiting by placing a blunt object at the back of the tongue, ..
or "give whites of eggs orally to induce vomiting, .. or .. wash off skin
immediately with running water and consult a physician".
Your chemical ' s basic mode of action and/or spectrum of control
It is important to ~and your customers that you understand these
things about your chemical. For instance, there are great differences
among various registered cottonseed treatment fungicides in terms of the
control of the three major cotton fungal pathogens in the South, which
are Rhizoctonia, Pythium and Fusarium. Also, there are vast differences
in the modes of action among the various registered fungicides for wheat
and barley seed treatment . Some materials registered are true systemics
and capable of controlling surface seed- borne, internal seed-borne,
soil-borne, and even post emergence soil-borne pathogens. Other fungicides may be only active as a surface sterilant or disinfectant, and
have no activity against internally borne pathogens or soil-borne organisms. Sources of information on the basic modes of action and/or
spectrums of control for your product are avai l able normally from your
cooperative extension service or from the manufacturer of the pesticide.
Your chemical's DOT classification as to flamability, explosiveness,
corrosiveness, etc.
Here again, it is very important for you to know these things.
Considering some of the fungicides registered for seed treatment of
small grains, the corrosiveness factor varies between a DOT classification of ''non-corrosive .. to a classification .. extremely corrosive ...
Likewise, the flash point or flamability index of these same chemicals
can vary anywhere from 11 non-combustible 11 to an open-cup flash point of
+60F . This information is available from the manufacturer of the
chemical or by referring to the Department of Transportation's Hazardous
Material Shipment Book.
Your chemical's degree of safety on seed (phytotoxicity margin)
This is also an extremely important thing to know about the chemical you are using in your plant. For instance, in a comparison of the
four systemic cottonseed t reatment insecticides registered by EPA, there
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is generally speaking approximately a 1.5X margin of safety on the most
phytotoxic material and approximately a 5X margin of safey on the least
phytotoxic of the four materials. Thi s is to say, that on marginal
quality seed the most phytotoxic material will cause significant phytotoxicity to the seed and seedlings at approximately 1~ times the recommended dosage rate on the label, whereas the least phytotoxic will cause
significant phytotoxicity only at approximately 5X the label dosage
rate. I have cited an example of systemic cottonseed treatment insect i cides, but I want you also to be aware that there are extreme differences in phytotoxicity among various fungicides. Sources of information on seed safety margins normally are available from the manufacturer of the pesticide or may be obtained by experimenting for yourself
in your own laboratory and then germinating seed treated at a ladder
series of IX, 2X, 4X, etc.
Do You Really Understand the Legal Aspects of Treating Seeds?
Are you aware of the various federal, state and local laws that
pertain to seed treating operations and do you know what is specifically
required by each of these acts or laws?
Let's briefly go over some of the more important laws and acts and
what each requires or how it impacts on treating seed in the U.S.
A.

Federal Seed Act
1.
2.
3.

B.

Federal Occupational Safety and Health Act (OSHA)
1.
2.

C.

Labeling (tagging) treated seed.
Dyeing (coloring) treated seed .
Do not use for feed , food, or oil purposes.

Worker exposure and protection.
Environmental considerations .

Federal Insecticide , Fungicide & Rodenticide Act (Also
known as FEPCA)
1.
2.
3.

Licensing of applicators and their machines .
Monitoring of proper pesticide use.
Penalites for improper use .

In addition to these three (3) major Federa l Acts that impact on
seed treatment, t here are also many other federal regulations and codes
and state and l ocal laws, regulations and acts that regulate in some way
the treatment of seeds in the U.S. Many times, interestingly , some of
these state and local regulations are more stringent in certain areas
than are the Federal laws pertaining to the same subject .
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D.
State Seed Laws . As an example, I have excerpted certain
portions of the Michigan State Seed Law and the Arkansas State Seed Law
to demonstrate that these two states have requirements in certain
specific areas of treating and labeling seed that are not required by
the Federal Seed Act.
1.

Excerpt from the Michigan State Law:
a.

2.

"7.

For seed which has been treated with an irritating or
poisonous substance, the required information is:

1)

A warning statement in 12- point type that the seed has
been treated .

2)

The corrunon, coined, chemical or abbreviated chemical
name of the substance applied.

3)

Seeds treated with mercurials or with materials, such as
Aldrin, Demeton, Dieldrin, Endrin, Heptachlor and similar
toxic substances shall be labeled to show a representation of a skull and crossbones at least twice the size
of the type required, followed by the words, ' Poison• or
'Poison Treated, • and shall be printed in red on a background of distinctly contrasting color . A statement
worded substantially as follows, 'Do Not Use for Food,
Feed, or Oil Purposes,• shall follow the signal words,
'Poison• or 'Poison Treated'."

Excerpt from the Arkansas State Law:
a.

"Cottonseed whi ch has been treated with Disulfoton (Di-Syston),
Monocrotophos (Azodrin) or Phorate (Thimet) shall bear as part
of the seed treatment label a warning statement taken from the
Di-Syston, Azodrin, or Thimet label indicating possible
reduction in germination or stunt as a result of such treatment ...

E.

State Pesticide Control Laws
1.
2.

F.

Applicator (and seed treating machine) licensing.
Record keeping on use of restricted use or state limited
use pesticides.

National, State and Local Pollution Control Ordinances
1.
2.

Chemical r un-off from treating area.
Empty conta i ner disposal.
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G.

National, State and Local Fire Codes
1.
2.
3.

Chemical storage
Machinery wiring.
Empty container disposal.

After considering all these acts , laws and regulations, it is
obvious that our industry is heavily regulated. Let's consider in
detai l just one of these agencies, the U.S. Environmental Protection
Agency, and just one of its functions -- regulation of pesticides under
its authority from FIFRA (FEPCA). I refer you to the li st of the
chemicals below that have had some adverse action taken by EPA or one
of the states during the past five (5) years.
A.

Registration canceled by EPA
1.

2.
3.
4.
5.
B.

Chemicals currently under RPAR at EPA
1.

2.
3.
4.
C.

HCB

Proposed for Restricted Use classificat ion
1.
2.
3.
4.

F.

Captan
Thiram (Arasan)

Manufacturer has voluntarily halted production
1.

E.

Lindane
PCNB (Terrach 1or)
EBDC (Zineb and Maneb materials)
Benomyl (Benlate)

Chemicals currently under pre-RPAR examination phase at EPA
1.
2.

D.

Aldrin
Dieldrin
Endrin
Chlordane
Phenyl Mercury - (August 31, 1978)

Carbofuran (Furadan)
Disulfoton (Di-Syston)
Monocrotophos (Azodrin)
Phorate (Thimet)

Classified as State -- Limited Use in Several States
1.
2.

Phenyl ~1ercury
Heptachlor
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Conversely, when we look at the new registrations or new uses for
existing chemicals that are available in our seed treatment arsenal, we
find that there, in fact, has not been even one new chemical registered
by EPA in the last five years for seed treatment use. There have,
however, been a few of the existing chemicals whose labels have been
expanded to include other crop seed and a few chemicals which have been
heretofore registered for general agricultural use of some type, but now
have seed treatment uses on the label. In essence, though, we are
losing many, many more of the pesticides for seed treatment use than we
are gaining.
Do You Really Understand the Basic Working Principle of the
Seed Treater that You Are Using and of the Other Major Types
of Seed Treating Machinery in the U.S. Today?
True Mist-0-Matic Type Seed Treater
1.
2.
3.
4.
5.

Examples are Gustafson Mist-o-Matic Models SS-1, SS-6, CG,
LA, and SS-HC-Triple Treat.
Employs whirling 11 mist 11 or 11 Spin" disc that atomizes or mists
chemical onto seed.
Excellent for treatment of "dented .. seeds.
Best for application of low volumes of chemicals that are
11
free flowing," non-viscous liquids .
Employs double weighpan and metering cups in a metering tank .

Slurry Type Seed Treater
1.
2.
3.
4.
5.
6.

Examples are Gustafson Model B, Gustafson Model G-1, Gustafson
Model R, Calkins Slurry Seed Treater, and Superior Slurry
Treater.
Oldest liquid (slurry)-type treating principle.
Employs a coating or blending chamber or "leg" with ribbon
flighting or angled "paddles" inside to blend chemical onto
seed.
Usually has its own chemical holding reservoir built onto
treater.
Usually employs a single weighpan and "buckets" on a revolving
chain, rather than metering cups.
Usually used for application of high volumes of chemicals of
the liquid, flowable or wettable powder slurry type.

Direct or Metered Slurry Type Seed Treater
1.
2.
3.

Examples are Gustafson Metered Slurry Models S-100-SS, S-600SS, S-1000-SS, OFT, and all Panogen Seed Treaters.
The vast majority of new treaters sold today are of this type.
Employs a coating or blending chamber or "leg" or a revolving
cylindrical or hexagonal drum to blend chemicals onto seed.
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4.
5.

Employs a double weighpan and metering cups in a metering
tank.
Used for application of high volumes of chemicals of the
liquid, flowable or wettable powder slurry type.

Dry or Dust Type Seed Treater
1.
2.
3.
4.

Examples are Gustafson Models XL and PO and Pearman Industries
Peanut Seed Treater .
Employs a coating chamber or "leg" (usually with a brush
element) or revolving drum to blend chemical onto seed.
Used for application of non-aggregating dust or dry powder
chemical s on peanut and certain vegetable seeds .
Employs a vibrating powder trough with an adjustable "feed
gate" which is actuated by a SyntronR switch connected to the
double weighpan arm .

Volumetric Type Seed Treater
1.
2.
3.
4.
5.

Examples are Gustafson Model M-1000 , Gustafson Drill-Fill
Chemical Applicator, Corn States Hybrid Service "Big Red"
Treater, and Olin's Farmers Field Treater.
Employs the volume of seed (instead of the weight of seed
l ike all other types) to actuate the chemical delivery or
metering portion of the treater.
Usually employs some type of cam that is actuated by a full
seed receptacle or a pocket-wheel with indentations or
"pockets" that are filled with a certain volume of seed.
Either employs a coating or blending chamber , revolving drum
or spray nozzle system to apply or blend chemical onto seed.
The volumetric treater is unique in that the chemical
delivery rate is usually constant and calibration changes
can only be made by adjustment of seed flow or delivery rate;
on all other types of treaters, calibration adjustments can
be made by adjusting seed or chemical delivery rate.
Would You Really Know How to Calibrate Your Seed Treater?

Of course, proper seed treater calibration is of the utmost importance. Strict adherence to the dosage rate on the pesticide label is
a requirement of the Federal Insecticide, Fungicide and Rodenticide Act
(FEPCA). Also, obviously, with most pesticides too little chemica l will
generally result in non-performance and too much chemical will result in
unnecessary expense and even phytotoxic effects to your seed in some
cases. For some of you who are certified commercial pesticide applicators in the seed treatment category in your state, you will know that
proper calibration is very important in most of the state licensing
examinations. Outlined below is the step-by-step procedure that is
recommended for proper initial calibration of recalibration (i f you
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change seed types or chemicals) of a seed treater of the metered slurry
or direct, Mist-0-Matic, or true slurry type treater . Calibration of
the dry or dust type treater is very similar except that weight of
powdered or dry chemical is used instead of volume of liquid or slurry
chemical. The calibration of the volumetric type treater, which as you
will remember uses volume of seed rather than weight of seed as a principle of calibration, is somewhat different. Generally, calibration of
the volumetric type treater involves changing from one pocketwheel to
another, which has different size indentations or a different number or
pattern of indentations or speeding up or slowing down the delivery rate
of seed in some other way. As stated earlier, the chemical delivery
rate is usually constant on the volumetric type treater.

Following is a general outline of the step-by-step procedure for
calibration of Mist-0-Matic, true slurry, metered slurry or direct type
seed treaters.
1.

With no chemical in the metering tank, run 100 pounds of seed
through the treater and count the number of times the weighpan
dumps. Divide 100 pounds by the number of times the weight trips.
This gives you the number of pounds of seed per dump of the weighpan. Record the numerical setting of the weight on the weighpan
arm for future use.

2.

Determine how much liquid the treater metering cups or buckets will
dump onto the seed each time the weighpan arm trips (by manually
tripping - without seed - or letting seed trip the weighpan by
pouring through) the weighpan a specific number of times and
catching the chemical that is dumped in a measuring cup.
Divide the amount of chemical caught by the number of times you
tripped the weighpan. This gives the amount of chemical delivered
per dump of the weighpan. Record for future use.

3.

After completing operation (1) and (2), you know exactly how the
treater is presently set.
Remember, there are two ways to vary the dosage of chemical to
seed, either change the setting of the weight on the weighpan arm
. . . raise weight to increase amount of seed dumped or lower it to
decrease it, or replace the chemical measuring cups with another
cup size to deliver more or less chemical per dump as necessary .
For addit ional information on calibration, use the calibration
i nstruction manual furnished with each machine by the manufacturer.
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Two Methods for Calculating the Ratio of \~ettable Powder
Seed Treatment Chemical to Water for Slurry Appl ication
Most wettable powder seed treatment chemicals are applied at a rate
between one (1) and five (5) ~ounces per 100 pounds of seed. The
dosage is, of course, obtained from the label. Normally a chemi cal to
water mixing ratio is not stated or suggested on the l abel. Following
are two (2) methods you may use to cal cu l ate the proper powder to water
ratio to obtain the desired sl urry dosage per 100 pounds of seed.
Method 1
To determine the correct amount of wettable powder chemical to use
to make one gallon of liquid slurry, divide 128 (fluid ounces/ gallon)
by the number of f l uid ounces of l iquid you desire to apply per 100
pounds of seed; and then multiply the result by the number of dry ounces
of the chemical the label tel ls you to apply to 100 pounds of seed.
Example:
128 fluid ounces per gallon
X Dry ounces of chemical desired
Flu id oz. liquid to be applied/cwt.
per cwt .

= Dry ounces of wettable powder to use to make one gallon of slurry
For Example:
NOTE:

128
12.3 ounces wettable powder chemical to
15 . 6 X 1. 5 = use
to make one gallon slurry

Be sure you bring total slurry volume~ to one gallon,
rather than starting with one gallon of water and adding
wettable powder to that. This is because adding the powder
will "displace " some liquid volume --as a rule of thumb, most
wettable powders ''displace" about 7 fluid ounces of liquid
volume per pound of powder added .

Method 2
Some seedsmen may desire to "experiment" for themselves to obtain
a slurry consistency they like. Once they decide on a powder +water
mixture ratio, they must keep in mind the number of dry ounces of
wettable powder they originally added to the water . This determines the
number of hundred weights they must treat with the slurry volume they
now have.
Example:

A chemical is appl ied at the rate of two (2) dry ounces per
100 pounds of seed. The seedsman has found that mixing five
pounds of chemical (80 dry ounces) with one gallon of water,
gives him the slurry consistency that he desires.
Then , it must be kept in mind that the total volume of slurry (in this
case approximately 1.2 gallons) is enough to treat 40 cwts (4,000 lbs.)
of seed (s ince the original powder dosage is 2 dry oz ./cwt. and you have
mixed 80 oz . into the slurry) .
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So . . . 1. 2 gallons total slurry X 128 fl. oz./gallon= 153.6 fl . oz.
153.5 fl. oz.
fl
I t
d
And · · · 40
cwts. seed = 3 •84
• oz. cw · see
In conclusion and summary, I hope that I have stimulated you to
look into some of these aspects of treating seeds as they pertain to
your operation and become more knowledgeable in them. In my seven years
of involvement in the seed treating industry, I have found that in many
cases, a "world" of information on chemicals, machinery, accessories,
legalities, basic pri ncipl es and objectives of treating seed is avai l abl e but very seldom used by people i n the industry. Treating seed
continues to be a very mysteri ous part of the seed industry to many
people, but I hope that I have simplified and cl arified some of the
important aspects of treating seed by going 11 Back to Basics 11 •

